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ABSTRACT 

Net release of degraded N as NH3 and total AA 
plus microbial protein synthesis, quantified from in- 
corporation of 15NH3 into microbial protein, was used 
to estimate the rate and extent of in vitro degradation 
of protein fractions isolated from alfalfa hay and 
silage. Seven proteins (casein, alfalfa hay, alfalfa 
silage, extracts from alfalfa hay and silage, and 
residues from alfalfa hay and silage) were studied. 
Results from (NH4) zSO4 and SDS-PAGE fractiona- 
tions suggested that soluble proteins in alfalfa hay 
and silage differed in susceptibility to proteolytic at- 
tack. Although the net release of NH3 plus total AA N 
from alfalfa silage and alfalfa silage extract was 
twofold greater than that from alfalfa hay and alfalfa 
hay extract, net microbial protein synthesis on alfalfa 
hay and alfalfa hay extract was 33 and 43% greater. 
Despite greater NPN content in alfalfa silage, protein 
degradation rate and estimated escape were similar 
for intact alfalfa hay (0.103h and 43%) and silage 
(0 .067h and 43%). This result might be explained by 
the less efficient microbial utilization of silage NPN, 
greater protozoal numbers on hay, greater soluble 
true protein in hay, or differences in molecular mass 
and stability of soluble proteins in hay versus silage. 
Use of a two-compartment model, based on water- 
soluble and insoluble CP fractions assumed to pass 
with the liquid and solid phases, respectively, yielded 
RUP estimates for alfalfa hay and silage that were 
similar to NRC estimates. 
( Key words: alfalfa silage, alfalfa hay, microbial 
protein, protein degradation and yield) 

Abbreviation key: AH = alfalfa hay, AHE = AH 
extract, A H R  = AH residue, AS = alfalfa silage, ASE 
= AS extract, ASR = AS residue. 
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INTRODUCTION 

Alfalfa forage, conserved as silage or hay, is a 
major dietary component for lactating cows. However, 
alfalfa protein, particularly that in alfalfa silage 
( AS), is poorly utilized because of extensive degrada- 
tion in  the rumen ( 2 3 1. The NRC ( 2 6 reported that 
the RUP content of alfalfa hay ( AH) was 18% greater 
than that of AS. The NPN content of AS typically 
ranges from about 50% ( 9  t o  as high as 87% ( 2  5 )  of 
total N. Diets based on alfalfa were more limiting in 
resistant protein than were diets based on corn silage 
supplemented with soybean meal ( 5  ). Cows fed diets 
containing a large proportion of AS during early lac- 
tation had reduced milk yield and milk protein con- 
tent (34).  Postruminal infusion of protein ( a s  casein) 
in lactating cows fed a diet containing 98% of DM 
from AS increased milk and protein yields by 5.5 and 
0.18 kg/d, respectively, and infusion of energy ( a s  
glucose) did not increase yield ( 12) .  These results 
indicated that protein, not energy, was the first- 
limiting nutrient for milk yield in cows fed diets high 
in AS. For lactating dairy cows fed AH or  AS as the 
sole forage, addition of 3% fish meal, a high source of 
RUP, increased milk protein yield by 30 and 100 g/d, 
respectively ( 7 ) .  Poor performance on diets high in 
AS might result from inadequate capture of dietary N 
as  absorbable protein. 

Soluble proteins differ markedly in ruminal 
degradability (28).  Solubility and structural proper- 
ties such as disulfide bridges, surface charge, 
hydrophobicity, and folding may be involved in deter- 
mining protein susceptibility to microbial proteolytic 
attack (28, 29).  Thus, the value of protein solubility 
as an indicator of protein degradability is limited. 
Moreover, CP solubility does not distinguish between 
N in soluble true protein and NPN. Electrophoretic 
techniques have been used to monitor the effects of 
drying, wilting, and ensiling on soluble forage pro- 
teins (13, 16, 20). 

Recently, a new in v i t ro  procedure was developed 
to estimate the rate and extent of ruminal protein 
degradation using 15NH3 t o  quantify microbial incor- 
poration of protein degradation products ( 17).  Our 
objectives were to use this procedure 1) to  estimate 
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rate and extent of degradation of proteins in intact AS 
and AH, in the water-soluble extracts from AS (ME) 
and AH ( AHE), and in  the water-insoluble residues 
from A S  (ASR) and AH (AHR); 2)  to  measure 
microbial protein synthesis on proteins in AS and AH, 
in soluble ASE and AHE, and in insoluble ASR and 
AHR; and 3) to estimate protein degradation and 
escape of AS and AH with a two-compartment model 
using the proportions and degradation rates of soluble 
and insoluble proteins plus literature values for pas- 
sage rates of liquid (soluble) and solid (insoluble) 
phases. 

MATERIALS AND METHODS 

Sample Description and Analysis 

Four composite samples of freeze-dried AS and four 
of air-dried AH, two each from two feeding studies 
(7), were ground through a 1-mm screen (Wiley mill; 
Arthur H. Thomas, Philadelphia, PA) and analyzed 
for total N by the Kjeldahl procedure (1) using a 
copper digestion catalyst (Kjeltabs@; Tecator Inc., 
Herndon, VA) and for NDF (32), ADF (321, and 
ADIN (15). Triplicate samples containing 38.5 mg of 
N each were mixed with 35 ml of distilled water in 
centrifuge tubes. After capping, tubes were placed in 
a 39°C water bath equipped with a reciprocal shaker. 
Tubes were warmed without shaking for 30 min; aRer 
shaking for 60 min, samples were filtered through 
Whatman number 1 filter paper (Arthur H. Thomas), 
and 10-ml aliquots were analyzed for N by the Kjel- 
dahl procedure ( 1). Soluble N was expressed as a 
percentage of the total N in the sample originally 
added to  centrifuge tubes. Soluble true protein was 
assayed by the dye-binding procedure of Bradford ( 3 ) 
using a Bio-Rad kit (Bio-Rad Laboratories, Hercules, 
CA). 

Extraction Procedure 

The AS and AH were extracted with distilled water 
to  prepare soluble and insoluble CP fractions (Figure 
1) for determination of rate and extent of ruminal 
protein degradation. Extractions were made with dis- 
tilled water, rather than buffer, to avoid the presence 
of excess buffer salts in the freeze-dried extracts. 
Ground samples of AS or AH (30 g of DM) were 
mixed with distilled water (600 ml) in 1-L capped 
bottles with continuous stimng for 1 h at 39°C. The 
mixture was centrifuged at 31,000 x g for 15 min 
(4°C ) and then filtered through Whatman number 1 
filter paper. The water-soluble extracts (ASE and 
AHE) and the insoluble residues (ASR and AHR) 

N Fractionation Scheme 

-1 1-1 
(EXTRACT)  (RES1 DUE) 

Protein N -Insoluble 
AA, Peptides) Protein N Protein ti 

Figure 1. Schematic representation of N fractionation used on 
alfalfa hay and silage. 

were freeze-dried and analyzed for total N content by 
Kjeldahl analysis (1 1. 

(NH4)2S04 Fractionation and 
SDS-PAGE of Soluble Proteins 

Samples of ASE and AHE were mixed with 10% 
(wt/vol) TCA and centrifuged a t  15,000 x g at 4°C for 
5 min. Pellets were washed twice with ethano1:ether 
(1: 1, vol/vol) and resuspended in homogenization 
buffer 150 mM sodium phosphate (pH 7.2), 1 m M  
phenyl methyl sulfonyl fluoride, and 10 mM EDTA]. 
Then, samples were fractionated sequentially by con- 
tinuous stirring for 2 h at 4°C with 20, 50, and then 
100% (wt/vol) (NH4) 2SO4, followed by centrifugation 
at  20,000 x g for 10 min at  4°C. Sedimented proteins 
in the pellets were resuspended in, and dialyzed 
against, 20 mh4 sodium phosphate buffer (pH 7.2). 
Samples were recentrifuged (20,000 x g for 10 min at 
4°C) to  remove sediment, and true protein was deter- 
mined in the supernatants ( 3 ) .  Equal amounts of 
total protein (40 pg) from the three (NH4) 2SO4 frac- 
tions of AHE and ASE were resolved using 12.5% 
SDS-PAGE ( 19). 

In Vitro Procedure 

About 2 h after the morning feeding, equal 
amounts of digesta were collected from two ruminally 
cannulated, lactating cows fed a TMR containing AS, 
corn silage, cracked shell corn, and soybean meal 
(17) .  Digesta were mixed and processed to prepare 
the ruminal inoculum, as was described earlier (1 1) ;  
pH and NH3 concentration ( 8 )  were determined. 
Seven protein sources [casein (Sigma Chemical Co., 
St. Louis, MO), AH, AS, AHE, ASE, AHR, and ASRI 
were incubated at  39°C for 6 h in spinner flasks 
(Bellco, Vineland, N J )  with continuous stirring using 
the ruminal in vitro procedure of Hristov and Broder- 
ick (171, except that 6.74 mg of (NH4) 2SO4 enriched 
with 73 atom % of excess 15N were added to each 
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flask; duplicate flasks for blanks and for each protein 
source were used in each incubation; four separate 
incubations were conducted. Each flask contained 360 
ml of final incubation mixture. Protein sources were 
added to the flasks to  provide 0.125 mg of N/ml of 
incubation mixture or 45 mg of N/flask. Because N 
contents varied, the equivalent amount of DM added 
to each flask ranged from 300 (ASE) to 1770 mg 
(ASR). Protozoa numbers were determined 
microscopically (301, and pH was recorded in each 
flask at the end of each incubation. 

Duplicate samples were taken from each flask by 
increasing the stirring speed of the flask and aspirat- 
ing the sluny using a 25-ml serological pipet with a 
large tip opening (no. 7087; Corning Co., Corning, 
NY). Methods described earlier ( 1 7 )  were used to  
analyze for NH3 and total AA (8 ) ,  for non-NH3 N, 
and for 15N enrichment in NH3, isolated bacterial 
non-NH3 N, and total solids non-NH3 N by isotope 
ratio mass spectrometry (Finnegan MAT mass spec- 
trometer; San Jose, CA). Percentage of protein degra- 
dation (PPD)  of each protein was computed from net 
release of protein N (substrate flask minus blank 
flask) as described (171, except that total AA N was 
included with NH3 N ( in  TCA soluble NPN) plus 
microbial N as degraded protein N: 

(net  NH, N + TAA N), - 
(ne t  NH, N + TAA N), + net MN, 

N, - (ne t  NH, N + TAA N), - ADIN, 

where T U  N is total AA N; Net (NH3 N + TAA NI0 
and Net (NH3 N + TAA N)6 are the blank corrected 
NH3 N plus total AA N (milligrams per deciliter) 
present at 0 and 6 h, respectively; Net MN6 is the 
blank corrected microbial non-NH3 N (milligrams per 
deciliter) synthesized after 6 h; and N, and ADIN, 
are, respectively, the protein N and ADIN (milli- 
grams per deciliter) added at 0 h with the protein. 
Fraction B (degradable intact protein), fractional 
degradation rate (kd), and percentage of estimated 
ruminal escape (with and without ADIN) were com- 
puted as follows: 

Fraction B, percentage of total N 
IN, - (net NH3 N + TAA N)o  - ADIN,] 

b/h = [-In (loo 100 - ppD)l/G h, 

Estimated escape = 

and 

Estimated escape (corrected for ADIN) = 

where k, is the fractional rate of passage from the 
rumen, and net (NH3 N + TAA N)o, N,, ADIN,, and 
PPD are as defined previously. Fractional rates of 
passage assumed ( 6 )  for these computations were k, 
= 0 .06h  for intact (casein, AS, and AH) and insoluble 
proteins (ASR and AHR), and k, = 0.12/h for soluble 
proteins (ASE and AHE). 

Four separate incubations were carried out: 1) two  
runs each with 20 flasks with duplicate sets of 10 
(blank and casein, plus 4 composites of AS and 4 of 
AH); and 2)  two runs each with 28 flasks with dupli- 
cate sets of 14 [blank and casein, plus 2 each of AS, 
M E ,  ASR, AH, AHE, and AHR-one set for each 
feeding trial ( 7 )  in each run]. Degradability data 
were computed within each set (1 blank and 9 sub- 
strate flasks for the first two runs and 1 blank and 13 
substrate flasks for the second two runs) from net 
differences between the blank and substrate flasks. 
During the four runs, 24 separate observations of 
each variable were made for AS and AH, plus 8 for 
blanks and casein; 8 observations of each variable 
were made for ASE, ASR, AHE, and AHR during the 
last two runs. 

Statistical Analysis 

Statistical analysis was conducted with the general 
linear models procedures of SAS ( 3 3 )  using the type 
I11 sum of squares. The model included treatment ( n  
= 8 for blank, casein, ASE, ASR, AHE, and AHR 
flasks; n = 24 for AS and AH flasks), incubation ( n  = 
41, replicate ( n = 2 ), and feeding trial ( 7 ) ( n  = 2 1 
plus interactions of treatment x incubation, replicate 
x trial, and replicate x incubation. The replicate x 
incubation interaction was used as the error term in 
the analysis to detect differences because of treat- 
ment; when effects ( P  < 0.05) were detected, mean 
separation was by least significant difference at P = 
0.05. 

RESULTS AND DISCUSSION 

Forages (Table 1 )  were typical in composition of 
high quality AH and AS ( 2 6 ) .  As observed earlier 
(71, NDF and ADF were not different between AH 
and AS, but CP content of AS was about two percen- 
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TABLE 1. Composition of alfalfa hay (AH)  and alfalfa silage (AS). 

Item AH As SE P > F1 
DM, % 85.32 40.53 1.41 <0.001 

Ash, % of DM 9.64 10.40 0.36 0.001 
CP, % of DM 18.19 20.12 1.22 0.019 
ADIN, % of total N 9.96 4.97 0.43 <0.001 
Water-soluble N, % of total N 24.83 42.78 0.82 <0.001 
Soluble protein N, % of total N 2.10 0.50 0.07 <0.001 
NPN,2 % of total N 22.73 42.28 0.06 <0.001 

NDF, % of DM 38.34 37.74 3.47 0.738 
ADF, % of DM 28.61 29.03 3.41 0.813 

1Probability of an effect of forage source. 
2NPN = Water-soluble N - soluble protein N. 

tage units greater than that of AH. The ADIN content 
of AH was twice that of AS. The NPN contents (Table 
1; Figure 1) were lower (AS) and higher (AH)  than 
values reported previously ( 7 ; however, those sam- 
ples were from another set that was assayed using a 
different solvent. Water-soluble true protein was 1.2 
and 8.4% of total soluble N for AS and AH, respec- 
tively (Table 1). Composition differences in the N 
fractions in AH and AS might be explained by the 
method of conservation. The sevenfold greater soluble 
true protein in AH likely resulted from the extensive 
conversion of soluble proteins in AS to NPN, which 
was a result of the well-known action of plant and 
microbial proteolysis during ensiling (20, 25). Drying 
during hay making probably also contributed to 
differences among individual proteins. Messman et al. 
( 2 4 observed that drying fresh alfalfa t o  AH reduced 
the amount of total soluble protein that was identifia- 
ble electrophoretically by about 25%, and ensiling 
reduced it by more than 90%. Fraction 1 protein, the 
principal soluble protein in green forages (211, was 
only partly lost during wilting but was completely 
degraded aRer 2 d of ensiling ( 13  1. 

Water-soluble proteins in AHE and ASE were frac- 
tionated using 20, 50, and 100% (wt/vol) ( N H 4 )  2 S 0 4 ;  
equal amounts of true protein (40 pg) from each 
( N H 4 )  2SO4 fraction of AHE and ASE were separated 
using 12.5% SDS-PAGE. All ( N H 4 )  2SO4 fractions 
showed differences in major proteins (Figure 2). For 
example, the 20-kDa protein that was in all AHE 
fractions was absent from ASE fractions, indicating 
that t h s  protein was completely degraded during en- 
siling. Another protein of 24-kDa molecular mass, 
present in the 50% (wt/vol) ( N H 4 ) 2 S 0 4  fractions 
from M E ,  was absent from AHE extracts. This pro- 
tein might have resulted from partial hydrolysis of an 
alfalfa protein during ensiling or might have been a 
microbial protein formed during fermentation in the 
silo. Other proteins, such as the dominant 40-kDa 

protein observed in the 50% (wt/vol) ( N H 4 ) 2 S 0 4  
fractions, were present in both ASE and AHE; this 
protein was quite stable, regardless of method of 
preservation. Thus, soluble proteins from AS and AH 
differed in stability, probably because of differences in 
susceptibility to proteolytic attack. The SDS-PAGE 
technique might be useful for monitoring the effect of 
treatments designed t o  increase the stability of major 
alfalfa proteins t o  the degradative action in the silo 
and in the rumen. 

Characteristics of the in vitro incubations a t  6 h 
are reported in Table 2. The addition of large 
amounts of fermentable carbohydrates was intended 
to equalize fermentable energy in all incubations. 
However, lower pH in the incubations with AH, AS, 
AHE, and ASR might reflect greater VFA production 

20% 50% 100% 
H S H S H S  

97 - L 

66 - 
55 - 
42 7 
40 
31 

21 - 
Figure 2. Electrophoretic analysis, using 12.5% SDS-PAGE, of 

water-soluble extracts from alfalfa hay (H) and alfalfa silage (SI. 
Concentrations of (NH4) $04 used in fractionation (20, 50, and 
loo%, wtfvol) are shown along the top. Total true protein applied 
was 40 pg per lane ( 3 ) ;  gels were stained with Coomassie blue. 
Migration of the molecular mass markers is shown on the left. 
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TABLE 2. Data after 6-h in vitro incubations with blanks, intact proteins, water-soluble edracts,  and water-insoluble residues from alfalfa 
hay and silage.1 

Intact forage Soluble N Insoluble N 
( n  = 24) (n  = 8) (n  = 8 )  

Blank Casein 
Source (n  = 8)  ( n  = 8) AH A s  AHE ASE AHR ASR SE P > F  

PH 6.418 6.45a 6.26c 6.24c 6.25c 6.40" 6.408 6.33b 0.02 0.037 
Protozoa, 
number/ml x 105 1.76c 1.13d 2.73b 1.69c 0.97d 0.99d 3.58a 2.00C 0.12 0.002 

TAA N, mg/dl 1.07cd 1.4OCd 1.27d 2.13b 1.51c 3.28a l.0Od 0.98d 0.12 0.048 
NH3 N, mg/dl 13.07d 19.628 15.70c 16.13C 15.39c 18.10b 11.38e 9.03f 0.32 <0.001 

TS N, mg/& 32.01f 35.320 43.30b 41.96C 38.30d 35.92e 42.32C 45.818 0.29 <0.001 
NHs 15N. 

aGm %'excess 1.037a 0.862e 0.940C 0.899d 0.792f 0.772f 0.974b 0.925d 0.010 0.012 
TS 15N, 

atom % excess 0.4428 0.301e 0.378d 0.400b 0.385d 0.390ad 0.393a 0.4378 0.005 0.034 
Bacterial solids 

15N, atom % excess 0.578b 0.333f 0.508d 0.545C 0.461e 0.474e 0.586b 0.6648 0.007 <0.001 
MN, mg/dl 24.09d 32.038 32.338 30.57b 30.65b 27.73C 27.94C 29.70b 0.36 0.046 

4b.c,d.0.fMeans in the same row without a common superscript differ ( P  < 0.05). 
'AH = Alfalfa hay, AHE = AH extract, AHR = AH residue, AS = alfalfa silage, ASE = AS extract, ASR = AS residue, MN = microbial N, 

2Probability of a treatment effect. 
and TAA N = total AA N. 

from fermentation of the extra carbohydrates added 
with those four substrates. Protozoal numbers also 
varied among flasks. Generally, protozoal numbers 
were greater in incubations containing the intact 
forages (AH and A S )  and residues (AHR and A S R )  
than in the other incubations (Table 2). Means of 
data that were used to compute net extent of protein 
degradation also are presented in Table 2. Enrich- 

ment of N H 3  with I5N was negatively related to NH3 
concentration ( r  = -0.58); NH3 concentration proba- 
bly accounted for only part of the variation ( r 2  = 
0.33) in NH3 enrichment because N H 3  was simul- 
taneously produced from AA deamination and was 
utilized for microbial growth. 

Data used to  compute the rate of ruminal protein 
degradation and to estimate ruminal protein escape 

TABLE 3. Computation of in vitro degradation of protein in casein, intact alfalfa hay and silage, water-soluble extracts, and water- 
insoluble residues from alfalfa hay and silage.' 

Source 

~~~~ ~ 

Intact forage Soluble N Insoluble N 
(n  = 24) (n  = 8) (n  = 8) 

Casein 
(n  = 8) AH A s  AHE ASE AHR ASR SE P > F  

ADIN, mg/dl . . .  1.25 0.62 . . .  . . .  1.65 1.09 . . .  . . .  
Net NH3 N + TAA N 
( 0  h) ,  mg/dl -0.01d 1.63c 2.55b 2.60b 4.74a 0.19d 0.61d 0.19 0.046 

Net NH3 N, mg/dl 6.06" 0.81d 1.17d 2.76c 5.47b -1.29e -3.63f 0.184 <0.001 
0.54c 2.278 0.05d 0.01d 0.14 0.016 Net TAA N, mg/dl 0.15d 0.24cd 0.98b 

Net NH3 N + TAA N 
( 6  h) ,  mg/dl 6.20b 0.970 1.82d 3.3OC 7.748 -1.22f -3.609 0.18 <0.001 

6.78h 7.00h 8.768 0.33 0.043 Net microbial N, mg/dl 5.89* 7.20b 5.43d 9.718 
3.45d 0.30 0.042 Total degraded N, mg/dl 12.098 5.54c 4.08d 10.40b 9.78b 3.94d 

Protein degradation, % 96.78 44.3= 32.7d 83.2b 78.2b 31.5d 27.6d 2.4 0.042 
Fractional 
degradation rate, h. 0.4868 0.103C 0.067d 0.273b 0.285b 0.064d 0.054d 0.014 0.027 

19.8d 55.la 54.38 1.2 0.048 Escape, % 11.4s 43.4b 42.6b 25.lc 
19.8 41.9 45.6 1.2 0.113 Escape - ADIN, % 11.4 33.4 37.6 25.1 

bb,C,d.efaMeans in the same row without a common superscript differ ( P  < 0.05). 
IAH =Alfalfa hay, AHE =AH extract, AHR =AH residue, AS = Alfalfa silage, ASE = AS extract, ASR = AS residue, and TAA N = total 

2Probability of a treatment effect. 
AA N. 

Journal of Dairy Science Vol. 79, No. 4, 1996 



DEGRADABILITY OF PROTEINS IN ALFALFA FORAGES 61 7 

are presented in Table 3. Net release of NH3 N from 
AHE and ASE was greater than that from AH and 
AS. Net release of NH3 N was negative from both 
ASR and AHR, indicating net uptake of NH3 N from 
the medium for microbial growth; net uptake of NH3 
N was greater in ASR than in AHR incubations (Ta- 
ble 3). Net accumulations of total AA N were small, 
except for the ASE incubations; total AA N accounted 
for about 23% of degraded protein for ASE. Although 
net release of N as NH3 N plus total AA from AS and 
ASE was about twofold greater than that from AH 
and AHE, net microbial N synthesis on AH and AHE 
was, respectively, 33 and 43% greater ( P  < 0.001) 
than on AS and ASE (Table 3). This result indicated 
that, in our in vitro system, microbial utilization of 
the degraded N fraction from silage, which was 
largely NPN, was less efficient than utilization of 
degraded N from hay. In incubations with insoluble 
residues, in which little or no NPN or soluble protein 
was added to  the inoculum, net microbial protein 
synthesis was greater on ASR than on AHR (Table 
3). Hristov and Broderick ( 1 8 )  found that, compared 
with AH, less degraded CP from AS was recovered as  
net microbial protein synthesis in the rumen of lactat- 
ing cows. Greater net formation of microbial protein 
on AH might be attributed to preferential utilization 
of AA and peptides by mixed ruminal microorganisms 
when NH3 is in  excess (31, 36). Lower 15N enrich- 
ment of bacterial solids N in AH than in AS incuba- 
tions (Table 2 )  probably reflected relatively lower 
incorporation of the I5NH3 tracer because of rela- 
tively greater uptake of AA and peptides. Chen et al. 
( 1 0 )  also showed that individual species of ruminal 
bacteria grew faster with peptides present in the 
medium. Greater utilization by ruminal microbes of 
degraded N from intact proteins than from NPN 
sources also might result from improved synchrony 
between rates of N release and energy fermentation 
( 2 7 ) .  

As expected, casein had the most rapid degradation 
rate and the lowest estimated ruminal escape of the 
proteins studied (Table 3 1. Generally, soluble pro- 
teins from the alfalfa forages were more susceptible t o  
ruminal degradation than were insoluble proteins 
(28, 29). However, there were no significant differ- 
ences between hay and silage in degradation rate and 
estimated ruminal protein escape for intact forages or  
for corresponding insoluble residues; only AHE had 
greater estimated escape than did ASE (Table 3). 
With the intact forages, degradation rlite and esti- 
mated escape (when discounted for ADIN, which may 
be considered totally unavailable) indicated that pro- 
tein in AS was numerically less degradable than that 

in AH, despite the higher NPN content of AS (Table 
1). The more rapid degradation rate for casein than 
for the water-soluble proteins extracted from hay a n d  
silage (AHE and ASE) suggested that ruminal pro- 
tein degradability was not related to solubility only. 
Nugent et al. (281, in studies with four soluble pro- 
teins (casein, fraction I leaf protein, bovine serum 
albumin, and bovine submaxillary mucoprotein), con- 
cluded that rate of ruminal proteolysis was not depen- 
dent on solubility, but was related to the structural 
folding of the protein molecule. This relationship 
might explain the very high degradation rates we 
found for casein. Casein is not typical of common feed 
proteins because it lacks disulfide bridges and has a 
high content of phosphoserine residues, which might 
increase its affinity to proteolytic attack (29) .  

Protein degradation might be influenced partly by 
protozoa. Protozoal numbers were greater in AH than 
in AS incubations (Table 2) ,  and degradation rate for 
AH was numerically greater than for AS (Table 3 ) .  
Protozoa were shown to  have only 10% of the proteo- 
lytic activity of bacteria in vitro ( 14); however, they 
may contribute a proportionately greater amount to 
ruminal protein degradation. Bacteria were reported 
to act principally in degradation of soluble proteins 
(4, 29), and protozoa might act through engulfment 
of feed particles (and bacteria) and in  degradation of 
insoluble proteins (3  5 1. Compared with the soluble 
fractions (ASE and AHE), protozoal numbers were 
greater (Table 2 )  in incubations with intact proteins 
(AH and AS) and with insoluble residues (AHR and 
ASR); protozoal numbers were greatest with AHR 
(Table 2).  Feed particles of larger size might favor 
greater numbers of protozoa ( 2 ). Increased protozoal 
numbers were associated with decreased net produc- 
tion of NPN (ne t  NH3 plus total AA N )  in the AHR 
and ASR incubations (Table 3 1. Chloroplasts 
released from plant material were engulfed quantita- 
tively by entodiniomorphid protozoa, but without the 
release of soluble N compounds to  the medium ( 2 2 ) .  
Thus, differences in chemical nature and anatomical 
organization of the plant material might influence 
protozoal numbers and, hence, protein degradation 
(35)  as well as the physical and chemical properties 
of proteins mentioned earlier. 

Total degraded N after 6 h was similar for ASE, 
M E ,  and casein (Table 3);  degradation rates for 
AHE (kd = 0.273h)  and ASE (kd = 0 . 2 8 5 h )  were 
similar. Although degradation rates of these fractions 
were rapid, intact protein in AHE and ASE 
represented only 2.1 and 0.5% (Table 1) of the total 
N in AH and AS, respectively. Degradation rate for 
AHR ( 0 . 0 6 4 h )  was similar t o  that for ASR (0 .054h)  
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(Table 3). Degradation rates for AH and AS were 
0.103 and O.O67/h, respectively. 

A two-compartment model ( 6 )  was used to com- 
pute estimated ruminal degraded protein (EDP)  and 
estimated ruminal escaped protein (EEP),  as a per- 
centage of total N, for AS and AH: 

and 

+ C = 100 - EDP 

where A is the percentage of total CP as NPN; B, and 
B i  are the percentages of total CP as soluble and 
insoluble proteins; C is the percentage of total CP as 
ADIN; bs and h i  are degradation rates, estimated in 
vitro, for the soluble and insoluble proteins, respec- 
tively; and k,, and kpi  are the ruminal passage rates 
for soluble and insoluble phases, set equal to  0.12 and 
O.O6/h, respectively. For the purposes of these calcula- 
tions, water-soluble NPN (Table 11, rather than net 
NH3 plus total AA at 0 h (Table 31, was used as the 
measure of fraction A. These equations were used to 
compute EDP and EEP for AH and AS: 

[ (0.273 0.273 + 0.12) 1 EDP (AH) = 22.73 + 2.10 x 

(0.103 0.1°3 + 0.06) 1 
= 22.73 + 1.46 + 41.21 = 65.4% of total CP; 

EDP (AS) = 42.28 + 

52'25 
(0.067 0.0fj7 + 0.06) 1 

= 42.28 + 0.35 + 27.56 = 70.2% of total CP; 

and 

EEP (AH)  = 100 - 65.4 = 34.6% of total CP; 

EEP (AS)  = 100 - 70.2 = 29.8% of total CP. 

Estimated protein escape for AH, computed by this 
approach (34.6%), was 16% greater than that com- 
puted for AS (29.8%). The RUP value reported by the 
NRC ( 2 6 )  for AH (28%) is 22% greater than that 
reported for AS (23%). 

CONCLUSIONS 

Net release of degraded N as NH3 and total AA, 
plus microbial protein, quantified from 15NH3 incor- 
poration into microbial non-NH3 N, was used to esti- 
mate the rate and extent of in vitro degradation of 
protein in intact A H  and AS, in water-soluble extracts 
(AHE and ASE), and in water-insoluble residues 
(AHR and ASR) from AH and AS. Although the 
water-soluble proteins were more degradable, overall 
rate and extent of protein degradation were similar 
for the equivalent fractions. Contribution of NPN to  
in vitro degradation was greater for ASE than for 
AHE. Microbial protein synthesis on intact AH and 
AHE was greater than on AS and ASE and might be 
related to greater microbial uptake of N from AA and 
peptides. Use of a two-compartment model, based on 
soluble and insoluble CP fractions assumed to pass 
with the liquid and solid phases, yielded similar esti- 
mates of ruminal protein degradation and escape for 
AH and AS that were comparable with NRC ( 2 6 )  
values. Protozoal numbers were greater in incuba- 
tions containing AH and AHR than in those contain- 
ing AS and ASR. Protozoal activity might have con- 
tributed t o  the surprisingly high extent of protein 
degradation for AH. 
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